This study aimed to assess whether the populations of bacteria, fungi and actinomycetes from soil influences the effect of insecticides, applied in different time points, on the survival of Beauveria bassiana. Insecticides containing the active ingredients abamectin, thiamethoxam, carbofuran and chlorpyriphos were used at the doses recommended by the manufacturer. Initially, the effect on B. bassiana was evaluated in a culture medium containing the insecticides. Next, the insecticides were added to the soil 1 hour before, 1 hour after, and 48 hours after inoculation with the fungus. The density of the native populations of bacteria, fungi and actinomycetes, and the population of B. bassiana were assessed. Chlorpyriphos was classified as toxic to the fungus in culture medium and inhibited survival of the entomopathogen in the soil. The other insecticides tested did not affect the fungus. The soil microbial populations have little influence on the effect of insecticides for B. bassiana. The bacterial population was the only factor that influenced the toxicity of chlorpyriphos to B. bassiana. The actinomycetes negatively influenced the survival of the entomopathogen, and the fungi population had only a small inhibitory effect on the population density of B. bassiana. The time point of application does not influence the effect of insecticides on the fungus in the soil.
Introduction
The use of entomopathogenic fungi in biological control diminishes the undesirable effects of the agrochemicals on non-target organisms, avoids the selection of resistance by the pests and causes less environmental pollution (Jaramillo et al., 2005) . The combined use of microbial and chemical control agents in Integrated Pest Management (IPM) may be an efficient strategy, as shown by satisfactory results obtained in various studies conducted in order to test this hypothesis (Morales-Rodriguez & Peck, 2009; Ambethgar, 2009; Farenhorst et al., 2010) After being applied most agrochemicals reach the soil (Singh et al., 2003) . In this environment, many factors may influence the action of chemical and microbial agents. Among the factors that most commonly affect the survival of the entomopathogens are the abiotics, such as temperature, moisture, type of soil, and presence of toxic substances; and the biotics, which include arthropods, plant exudates and soil microorganisms, such as bacteria, fungi and actinomycetes (McCoy et al., 2002) . However, the application or extensive use of pesticides in soil affects the diversity of the microbial flora and fauna (Bhandari, 2014) .
Native microbial populations are the main agents of changes in molecules that are metabolised in water and soils (Alexander, 1981) , decreasing the toxicity of these substances and reducing their inhibitory potential on entomopathogenic fungi population. They may interfere with the effect of pesticides on these fungi through degradation of these products, since many of them are used by soil microorganisms as a source of carbon (Ampofo et al., 2009) . During the catabolism of the pesticides, soil microbial biomass can increase due to the presence of carbon sources and compete with entomopathogen populations for space and nutrients (Canfield et al., 2005) , or inhibit them through the liberation of compounds with fungistatic effects (Fernando et al., 2005; de Boer et al., 2007) . If not used as a carbon source the pesticides may have a suppressive effect on soil microorganisms (Mesquita, 2005) .
Entomopathogenic fungi are common in agricultural fields and despite contribute to control pests, their action as natural enemies may be hampered by the use of agricultural practices employed in conventional agriculture, such as the use of pesticides (Clinfton et al., 2015) . To verify whether there is a synergistic effect between the chemical insecticide and microbial control agent, it is necessary to test the compatibility between both. There are many laboratory studies on the growth of the entomopathogens in culture media supplemented with insecticide (Almeida et al., 2003; Luke & Bateman, 2006; Pires et al., 2010) , but this situation does not show the influence of microbial populations in the interaction as it usually occurs in soil.
Despite being one of the most commonly used species as a control agent in bioproducts (Vega et al., 2009) , the survival of Beauveria bassiana (Bals.) Vuill. (Ascomycota, Hypocreales) in soil supplemented with chemical products has not been well investigated. Studies involving the influence of soil native microbial populations regarding the effect of insecticides on the survival of B. bassiana were not found. Thus, this study aimed to assess whether the populations of bacteria, fungi and actinomycetes from soil influences the effect of chemical insecticides on survival of B. bassiana, when they are applied in this environment before or after the inoculation of fungus.
Material and methods

Experiment with culture medium
Beauveria bassiana isolate JAB 06 (GenBank -accession No. KX599544 -ITS1-5.8S-ITS2 region) from the collection of the Microbiology Laboratory of the Department of Plant Production in the Faculty of Agrarian and Veterinary Sciences, Sao Paulo State University located in Jaboticabal city, State of Sao Paulo, Brazil, was used in this study. The fungus was cultured on a PDA medium composed of potato (200 g), dextrose (20 g), agar (18 g) and deionized water (1000 mL), and maintained in an incubator at 27 ± 1 ºC, in the absence of light, for 25 days.
Information on active ingredients, chemical groups, doses of commercial products (c.p.) recommended by the manufacturer, and spraying volumes of the insecticides used are shown in Table 1 . The concentrations of products in the liquid used for spraying were: a) thiamethoxam: 0.2 mg of c.p. mL -1 of spraying; b) carbofuran: 0.004 mL of c.p. mL -1 of spraying, c) abamectin: 0.001 mL of c.p. mL -1 of spraying; and d) chlorpyriphos: 0.002 mL of c.p. mL -1 of spraying. The amount of insecticide needed per millilitre of culture medium to obtain the same concentration as the liquid used for spraying was calculated and added to the PDA medium at temperatures ranging from 45 to 50 °C to avoid possible alterations of the insecticide properties. The medium was inoculated by pricking the central point using a platinum needle previously bathed for 15 seconds in a suspension containing 10 7 conidia mL -1 obtained from 15 day-old colonies of the fungus.
The vegetative growth, sporulation, and germination of conidia were used as parameters to evaluate the performance of the fungus after treatment with an insecticide. The growth of the colonies was quantified by measuring three equidistant diameters previously marked on the external part of the bottom of the Petri dish. The measurements were taken every three days from the third to the fifteenth day after inoculation. Each plate represented a replicate, and each treatment was replicated five times.
The production of conidia was evaluated by collecting one sample from the centre, one from the middle, and one from the edge of each colony with the aid of a sterilised metallic ring with an 8-mm diameter on the fifteenth day of incubation. Three replicate colonies were used for the sample collection. The samples were transferred individually to test tubes containing 10 mL of a 1:1 sterilised solution of NaCl (0.089% w v -1 ) and Tween 80 ® (0.1% v v -1 ) and vigorously agitated in an electric tube agitator. Conidia were counted under a microscope in each tube using a Neubauer counting chamber. The suspension was diluted when necessary.
The germination was assessed by direct examination of conidia on a microscope slide. After the demarcation of three areas on the surface of a sterile microscope slide, the surface was covered with a fine layer of the PDA medium containing the insecticides at the recommended doses. In the region of the culture medium corresponding to each one of these areas, a drop (approximately 0.05 mL) of the fungal suspension containing 10 5 conidia mL -1 was placed. After 15 hours of incubation at 27 ± 1 °C in the dark, the germination process was interrupted with the addition of a drop of dye in each area. The dye was composed of 1 mL of a stock solution containing 1 g of methylene blue in 20 mL of lactic acid, added to 29 mL of lactic acid. A total of 150 conidia were observed from each slide area to determine the percentage of conidia that had germinated. Three replicate slides were used for each treatment, and the replicates were inoculated with suspensions obtained from different 20 days old colonies.
A single trial was organised according to a completely randomised design. The treatments consisted of the media containing the insecticides, with insecticide-free PDA medium used as control. The data of vegetative growth, sporulation and germination of conidia were analysed separately.
The variance was assessed using the F-test, and mean values were compared by Tukey's test (p ≤ 0.05). The AgroEstat (Barbosa & Maldonado Junior, 2010) software was used for statistical analysis.
To determine the toxic effect of the insecticides, we used the formula described by Rossi-Zalaf et al. (2008) , including the parameters vegetative growth, sporulation, and germination: BI = 47 (PG) + 43 (SP) + 10 (GER) ÷ 100 where: BI is the Biological Index; PG is the percentage of growth of the colony after 15 days, in relation to the control; SP is the percentage of sporulation after 15 days, in relation to the control; and GER is the percentage of germination of the conidia after 15 hours, in relation to the control. No decimal places were used in the calculation of the BI.
Using the values obtained for the BI, it was possible to classify the insecticides toxicologically at the different dosages in accordance with the scale described by Rossi-Zalaf et al. (2008) : 0 to 41 was toxic; 42 to 66 was moderately toxic; and > 66 was compatible.
Soil experiments
The toxic effect of the insecticides on B. bassiana was also evaluated in the soil environment. The soil used was a Typic Eutrustox composed of 53% clay, 18% silt, and 29% sand, which was collected at a depth of 0 to 20 cm from an environmental preservation area, located at 21 o 14'53.08'' South and 48 o 17'44.77'' West, belonging to the Faculty of Agrarian and Veterinary Sciences. The soil was dried at room temperature, loosened, and sifted with a 1-mm mesh sieve. For each insecticide, an assay was carried out, for which a new sample of soil was collected. The capacity of the soil for saturation with water was determined before the trial was conducted.
We used 100-mm Petri dishes containing 80 g of non-autoclaved soil. To facilitate gas exchange, the space between the two parts of the dishes was increased by attaching two wooden sticks inside the upper plate. In an aseptic chamber, sterile distilled water was added to the soil until the soil reached 65% of its capacity for saturation, and the samples were left to rest for 1 hour.
The addition of insecticide was made considering the volume and concentration of spraying applied in the field. The amount per cm 2 of soil was calculated based on the direct and homogeneous distribution of the insecticide. A solution in proportional concentration and volume for the area of the Petri dish was prepared and the insecticide was carefully distributed on the soil surface with a micropipette aid, at the following time points: a) 1 hour before inoculation with the fungus, b) 1 hour after inoculation with the fungus, and c) 48 hours after inoculation with the fungus. The inoculation was performed by distributing 2 mL of the fungal sus-pension at the concentration of 1.0 x 10 7 conidia mL -1 on the surface of the soil. The dishes with the soil remained in the incubator at 27 ± 1ºC in the dark for 28 days, with weekly replacement of the water lost by evaporation. A tray with water was kept within the incubator to minimise water loss. The control consisted of soil inoculated with the fungal suspension but without the addition of insecticides.
The evaluation of fungal survival was done by counting the colony-forming units (CFUs) at 0, 7, 14, 21, and 28 days after incubation. A sample of 1 g of damp soil that was collected from 12 to 15 points at the surface of the soil in each dish was suspended in 9 mL of a 0.1% (v v -1 ) solution of Tween 80 ® . Serial dilutions were performed from the initial suspension, and from these dilutions, we seeded 0.1 mL in Petri dishes that contained culture media for the determination of the populations of B. bassiana (Joussier and Catroux 1976 , modified by the exclusion of vegetable juice and oxygall), bacteria (Bunt & Rovira 1955) , fungi (Martin 1950) , and actinomycetes (Hsu & Lockwood, 1975) .
For each insecticide, a trial was performed using a completely randomised design with four repetitions per treatment. The data were subjected to an analysis of variance using an F-test to examine: a) the growth of the population of each microorganism over the course of the evaluation periods in a single treatment, and b) the growth of the population of B. bassiana among the treatments. The averages were compared using a Tukey test at a 5% level of probability. The experiment was analysed according to a split-plot in time design, considering the effects of treatments (1 hour before, 1 hour after, and 48 hours after inoculation with the fungus), time period (0, 7, 14, 21, and 28 days of incubation) and treatment versus time period interaction. The Pearson coefficients of correlation, at a 5% probability level, were determined to verify the interactions between the populations of bacteria, fungi, and actinomycetes with the population of B. bassiana. For statistical analyses, the software AgroEstat (Barbosa & Maldonado Junior, 2010) was used.
Results and discussions
Experiment with culture medium
The insecticides thiamethoxam and carbofuran did not inhibit the vegetative growth of B. bassiana as there was no significant difference compared to control. The growth of fungus was inhibited by the insecticides abamectin and chlorpyriphos. In the treatments with the addition of these products there was a significant reduction in fungal growth compared to the control (Table 2) . Similar results were reported by Batista Filho et al. (2001) . Usha et al. (2014) reported that chlorpyriphos completely inhibited the vegetative growth of B. bassiana, but in our study the insecticide caused a 57.5% reduction of vegetative growth of the fungus, similar to that reported by Amutha et al. (2010) who found a reduction of 49.76% at 14 days after inoculation. This reduction was also shown by Loureiro et al. (2002) , who found significant inhibition in the diameter of fungal colonies by this same active ingredient.
The insecticide chlorpyriphos caused a drastic reduction of fungal sporulation that differed significantly from that observed in the control and the others treatments, except for abamectin (Table 2) . This result is similar to that obtained by Oliveira et al. (2003) and Usha et al. (2014) , who found that sporulation of B. bassiana was completely inhibited by the same insecticide. Thiamethoxam and carbofuran did not inhibit the sporulation and, in the culture medium with addition of carbofuran, the value of the sporulation was higher than that verified in the control, although without a statistical difference. In the situation where the pesticide changes the environment and can impair the development of the fungus there may be a reproductive effort increasing the sporulation (Moino . Table 2 -Performance of Beauveria bassiana grown on media containing different insecticides at the doses recommend by the manufacturers, the Biological Index (BI) values and classification of the products with respect to their toxicity to the fungus.
Mean original values, although statistical analysis of sporulation and germination performed with data transformed to log (x+5) and arc-sine, respectively. Means (± standard deviation) in a column followed by the same lower-case letter are not significantly different according to Tukey's test at a 5% probability. C.V. = coefficient of variation. **Significant at 1% probability according to F test. Germination of conidia was the parameter least affected by the action of insecticides. In the medium with the presence of abamectin, thiamethoxam and carbofuran, the germination values were greater than 94% but the insecticides caused a reduction in conidial germination differing significantly from the control, except for abamectin (Table 2) . Andaló et al. (2004) obtained high conidia germination in the presence of thiamethoxan, carbofuran and imidacloprid, but with no significant differences in relation to the control.
The greater action occurred in the presence of chlorpyriphos, which promoted a 13.1% reduction in germination of B. bassiana conidia compared with the control, but this action was substantially smaller than that observed by Oliveira et al. (2003) and Usha et al. (2014) , where this active ingredient completely inhibited the germination of the fungal conidia. This difference in inhibitory action may be due to the differential sensitivity of the fungal strains used. Conidial germination is probably a more important event than mycelial growth, since spores are the source of dissemination of the pathogen (Khalil et al., 1985) . Therefore, the concurrent use of chlorpyriphos with other agents of microbial control in the IPM would not be efficient, because the germination of these agents would likely be compromised.
All of the tested insecticides were shown to be compatible with B. bassiana in the test conducted in the culture medium, except for chlorpyriphos which was considered toxic to the fungus (Table 2) . Thiamethoxam was considered as moderately toxic to B. bassiana (Pinto et al., 2012) . However, Andaló et al. (2004) showed that thiamethoxam and carbofuran were compatible with B. bassiana, a result that was also obtained in this work. Abamectin and thiamethoxam were considered highly compatible and compatible with Metarhizium anisopliae, respectively, and chlorpyriphos was classified as very toxic (Niassy et al., 2012) . Our results showed that the effect of these insecticides in B. bassiana is very similar to that observed for M. anisopliae.
Soil experiments Abamectin
In the soil where abamectin was added, the correlation coefficient was inversely proportional and significant between actinomycetes and B. bassiana populations, in all of the tested treatments (Table 3) . Table 3 -Correlations between the population of Beauveria bassiana and the populations of bacteria, fungi, and actinomycetes obtained for the insecticides in the different treatments.
a Positive values of correlation indicate variables are correlated in the same direction; negative values indicate that variables are correlated in opposite direction. The more a value is approached of +1 or -1, the more the variables are tightly correlated. BIBb: before the inoculation with B. bassiana; AIBb: after the inoculation with B. bassiana.
NS Not significant; ** , * Significant at 1% and 5% probability according to a Tukey test, respectively.
The growth of these populations (Figura 1) showed that there was an increase in the population density of the actinomycetes, while the B. bassiana population decreased in the period of incubation. This indicates that inhibition of the fungus by the native population of actinomycetes may have occurred. In an experiment made in the soil by Rosenzweig & Stotzky (1979) two fungal species, with the antagonistic activity probably being the result of a competition between microorganisms of the soil. In this work there was an increase of the population density of actinomycetes, indicating the possibility that inhibition of the entomopathogen population occurred due to competition for both nutrients and space, with prevalence of the actinomycetes over the B. bassiana population.
Negative correlations between the native fungal population and the population of B. bassiana were observed in all treatments with abamectin (Table 3) suggesting that the native population can use the insecticide as a source of nutrients for their growth, causing inhibition of the entomopathogen (Figura 1) . There is evidence that some fungal species that inhabit the soils produce compounds that inhibit other populations. The fungistatic effects of a compound produced by Penicillium urticae on B. bassiana was demonstrated by Lingg & Donaldson (1981) . Thus, the negative correlation between the native fungal population and the entomopathogen population could be due the existence of fungal species that produce metabolites with fungistatic effects. The population density of the entomopathogen in the soil with abamectin did not differ significantly to that found in the control (F = 1.84 NS ), indicating that the active ingredient was not toxic to B. bassiana in the soil, as observed in the culture media. Due to the short half-life of the chemical, pesticides base on avermectins can be eco-toxicological minimized when applied at low rates (Bai et al., 2016) . Figure 1 -Interactions between the population of Beauveria bassiana and naturally-occurring microbial populations in soil treated with an insecticide containing the active ingredient abamectin, applied: A) 1 hour before the inoculation with the fungus, B) 1 hour after the inoculation with the fungus, C) 48 hours after the inoculation of the fungus. D is the control where no insecticide was added. Means (± standard deviation) with the same lower-case letters for the incubation period of the same population were not significantly different according to Tukey's test at a 5% probability. Statistical analysis done and graphs plotted with data transformed in log (x+5).
Thiamethoxam
There were no significant correlations between B.bassiana and the other populations in the treatments where the insecticide thiamethoxam was added to the soil (Table 3 ), suggesting that the insecticide did not interfere with the development of the soil microbial populations and the entomopathogen (Figura 2) .
In the control, where thiamethoxam was not added, the population of soil fungi and the population of the entomopathogen were positively correlated (r = 0.45270; p ≤ 0.05) (Table 3) , suggesting the existence of a synergistic effect between both. The population density of B. bassiana in the soil with thiamethoxam was not significantly different from that found in the control (F = 1.04 NS ), suggesting that the insecticide was not toxic to this fungus, as found in the culture media experiment.
Figure 2 -
Interactions between the population of Beauveria bassiana and naturally-occurring microbial populations in soil treated with an insecticide containing the active ingredient thiamethoxan, applied: A) 1 hour before the inoculation with the fungus, B) 1 hour after the inoculation with the fungus, C) 48 hours after the inoculation of the fungus. D is the control where no insecticide was added. Means (± standard deviation) with the same lower-case letters for the incubation period of the same population were not significantly different according to Tukey's test at a 5% probability. Statistical analysis done and graphs plotted with data transformed in log (x+5).
Carbofuran
In both the control and in the treatments where carbofuran was added in the soil, an inverse correlation was observed between the population of actinomycetes and the B. bassiana population both 1 hour before and 48 hours after fungal inoculation (r = -0.47166, r = -0.51880, r = -0.48711, p ≤ 0.05, respectively) ( Table 3) , showing that this population exerted an inhibitory effect on the entomopathogen. This effect can be verified by the observation of actinomycetes growth in the above treatments, and by the decrease of the B. bassiana population (Figura 3D, 3A and 3C, respectively) . Some species of endophytic actinomycetes can inhibit the growth of phytopath-ogenic fungi by the liberation of antibiotics, and this effect may also occur in the soil (Taechowisan et al., 2003) . These metabolites inhibit the growth of other microorganisms, and they are produced specially by Streptomyces sp., an actinomycete species (Behal 2000) .
Figure 3 -
Interactions between the population of Beauveria bassiana and naturally-occurring microbial populations in soil treated with an insecticide containing the active ingredient carbofuran, applied: A) 1 hour before the inoculation with the fungus, B) 1 hour after the inoculation with the fungus, C) 48 hours after the inoculation of the fungus. D is the control where no insecticide was added. Means (± standard deviation) with the same lower-case letters for the incubation period of the same population were not significantly different according to Tukey's test at a 5% probability. Statistical analysis done and graphs plotted with data transformed in log (x+5).
In the control treatment there was a positive correlation between the populations of soil bacteria and the entomopathogen (r = 0.60777; p ≤ 0.01) (Fig. 3D) . In the first week of incubation, the population density of both was not altered, with the entomopathogen population decreasing after the third week. It is suggested that the stability of the soil bacteria population may be related with a decrease of B. bassiana population. Positive correlations were observed between the population of soil fungi and B. bassiana in all treatments (Table 3 ). The analysis of the growth curves of these populations in all of the treatments (Figura 3) showed a similar pattern of development during the evaluation periods, having neither positive nor negative effects on one another, suggesting the existence of a neutral relationship between both.
The analysis of the population density of B. bassiana in the control and in the treatments where carbofuran was added to the soil did not result in significant differences (F = 1.48 NS ), indicating that, as in the experiment in the culture medium, the insecticide was not toxic to the fungus in the soil environment.
Chlorpyriphos
In the soil where the addition of chlorpyriphos was made 1 hour before the fungal inoculation, a negative correlation was observed between the actinomycetes and B. bassiana populations (r =-0.52194; p ≤ 0.05) (Table 3) , showing the fungistatic effect of this population to the entomopathogen. Most antibiotics are produced by actinomycetes species, mainly by Streptomyces sp. which are found in the soil (Behal 2000) . The release of antibiotics by the actinomycete population may have inhibited the development of the entomopathogen, causing a small reduction in the population density during the evaluation period (Figura 4A).
A positive correlation was found between soil bacteria and entomopathogenic fungus population in the treatment where chlorpyriphos was added in the soil 1 hour after B. bassiana inoculation (r = 0.59723; p ≤ 0.01) (Table 3 ). There was a small decrease in the population density of the fungus (Fig. 4B) , probably due to the toxicity of the product, as verified in the experiment with culture medium. However, it is possible that the population of bacteria acted in the degradation of the insecticide reducing the toxicity to the fungus. This fact resulted in a lower decline of the B. bassiana population than was expected without the action of the bacteria population. One of the possible effects following the introduction of chemical products to the soil, such as insecticides, may be the action of microorganisms that reduce the toxicity of these molecules to other organisms (Alexander, 1981) . Figure 4 -Interactions between the population of Beauveria bassiana and naturally-occurring microbial populations in soil treated with an insecticide containing the active ingredient chlorpyriphos, applied: A) 1 hour before the inoculation with the fungus, B) 1 hour after the inoculation with the fungus, C) 48 hours after the inoculation of the fungus. D is the control where no insecticide was added. Means (± standard deviation) with the same lower-case letters for the incubation period of the same population were not significantly different according to Tukey's test at a 5% probability. Statistical analysis done and graphs plotted with data transformed in log (x+5).
There was no significant difference between the population densities of B. bassiana observed in the treatments where chlorpyriphos was added to the soil, but these populations were significantly smaller than those found in the control (F = 9.60**). This indicates that the insecticide was toxic to the fungus, corroborating the results obtained in the experiment with a culture medium where the product was classified as toxic to B. bassiana. However, high levels of toxicity in the culture medium do not always mean that the same will occur in the field, but shows the possibility that the results are similar as it was confirmed for chlorpyriphos in the experiment with soil of this work. Mochi et al. (2005) showed that some insecticides had no toxic effect on M. anisopliae in the soil, with the exception of trichlorphon, an insecticide of the organophosphorous chemical group, which significantly reduced the respiratory activity of the fungus. In the aquatic environment the fungi Penicillium citrinum, Aspergillus fumigatus, Aspergillus terreus and Trichoderma harziaum were resistant and capable of degrading chlorfenvinphos, an organophosphorous insecticide as chlorpyriphos (Oliveira et al., 2015) .
Conclusions
The insecticides were compatible with B. bassiana when added to the culture medium or to the soil, with the exception of chlorpyriphos, which proved to be toxic to the fungus in both situations.
The naturally-occurring soil microbial populations affect the survival of B. bassiana, but have little influence on the effect of insecticides for the fungus.
The actinomycetes showed the greatest inhibitory influence on the B. bassiana population, being the main biotic factor responsible for the reduction of it. The bacterial population had little influence on the entomopathogen, contributing to its survival and the native fungal population had a small inhibitory effect on the entomopathogen.
The time point of application does not influence the effects of the insecticides on B. bassiana in the soil.
